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In clear English, 66 illustrations, and a 
minimum of math, this booklet details the 
peculiar radio technology of Nikola Tesla. 
Early elemental radio devices ike Tesla's 
are fascinating and worthy of study 
because they remind us that powerful 
radio technologies can be so simple and 
accessible. Testes transmitters produced. 
high-voltage, sudden-pulse disturbances. 
conductod through the earth at low 
frequencies. His tadioisas taboo in official 


science as his wireless power, which works 
onthe very same principles, Tesla saidthe 
radio physics of Hertz, still in vague, was 
an "abberation," a "fiction." Modern radio 
took a lot from Tesla, but what did it 
ignore? Also in these pages: spark 
reconsidered, grounding rediscovered, low 
frequency revived, lament on solid state, 
underground radio, icense-free radio, the 
suppression of amateur radio, carrior- 
current radio, radio-free energy... 
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“Oscillations of low frequency are 
ever so much more effective in 
transmission." — Tesla, page 10 
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Introduction 


Ven ralio was born around the tum of the 20th 
century, various inventors, who are not cel- 
brated today, created their own peculiar radio. 

technologies, which are largely ignored today. Among. 
these inventorsis Nikola Tesla, though there are others, 
like Nathan Stubblefield and Mahlon Loomis, whore 
‘even more obscure The radio technology that is pecu- 
liartoTesla, though itgota few years of public exposure 
ints time, getseven lessacceptarce in today's technol- 
‘ogy than Tesla's disk turbine, histesla coil, or his high 

frequency lighing, and Tesla's radio is as taboo in 
official scienceas his wireless power, which works on 
the very same principles, 

In 1943, only a few months after Tesla's death, the 
U.S. Supreme Cour, yielding finally to the pressure of 
a suit fought over many years, declared that Tesla's 
radio patents were among those that had been infringed 
"upon by Marconi and thus, in effect, wrote into the 
official record Tesla's status asa founder cf radio, This 
was a purely symbolic victory, for Tesla's radio was 
suppressed, and the technology that developed is dis- 
tinctly different in many essential respects. 

Daring thc period of radio's most rapid growth 
(1915-1940), Tesla watched quiedy from the sidelines, 
forby histime he had fallen outof favor withthemedia, 
or rather with the establishment that contols it. Stll, 
some of his comments have made it into the published 
record In 1927he said that broadcasting “isnow carried 
‘out with unfit apparatus and on a commercially defec- 
tive plan." Of radio technology gencrally Tesla said in 
1932 that “the transmitting and receiving apparatus is 
ill-conceived and not well adapted for selection. The 
transmitter generates several sysems of waves, all of 
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which, except one, are useless, As a consequence only 
an infinitesimal amount of energy reaches the receiver, 
and dependence is placed cn extreme amplification." 
"Radio experimentersof this age," Tesla said ofthe 
ams of 1934, “are following ancient theories," By this 
he meant backward theories. Tesla'sfavorite backward 
theorist was Heinrich Hertz, who saw the phenomenon 
‘of radio as some kind of straight-line radiation akin to 
light. Tesla said Fertz’ theory, which is still in vogue 
today, was “one cf the most remarkable and incxpli 
cable aberrations of the scientific mind which has ever 
teen recorded in history.” This was not a reckless 
statement, for Tesla reports that he had carefully ro- 
viewed Hertz’ experiment, conducted comparative 
‘ests with his own brand of radio and had come to a 
different set of conclusions. Testa said, “I considered 
‘nis so important that in 1892 | went to Bonn, Germany 
"o confer with Dr. Hertz in regard to my observations, 
He seemed disappointed to such a degree that Iregretied 
my tip ard parted from him sorrowfully.” Tesla made. 
subsequent tests in 1900 withthe same resultsand kep 
‘breast ofarticleson Hertzian radio-telegrapty, which, 
be said, always impressed him "like works of fiction.” 


suppressed information 
In this book T attempt to break down Tesla's radio into 
aset of specific principles and to survey the whole of 
radio technology from Tesla's perspective, While 1 
fave studied some out-of-print literature, much of my 
{information comes from reprints stil available, These 
ütles Iciteata chapter sendtogether with addresses for 
dering (Addresses given on first mention only.) 
For the core material on Tesla, what you have in 


radio tesla 


print is one fat hardcover book, Colorado Springe 
Notes, eight U.S. patents, and a few magazine articles 
by Tesla himself, one of which is titled “The True 
Wireless.” Thebigerstsingle source, Colorado Springs 
Notes, embraces only one year (189) of Tesla's many 
years in radio, albeit a very intense year. Though this 
‘work is rich in information, it represents only a tiny 
fragment of Tesla’ total legacy, which has been said to 
amount to some 100,000 documents, including 34,552 
pages ofscientificmaterial and 5,297 pagesofiechnical 
drawings and plans. Though much of Tesla's research 
into radio took place in New York City in years prior to 
his Colorado adventure, there is no published volume 
called “New York Notes.” 

Colorado Springs Notes itself has a bizarre pub- 
lishing history. Tesla's papers, confiscated by the U.S. 
government upon his death, surfaced years later in a 
"Tesla Museum in Belgrade, Yugoslavia, or at least a 
large chunk of the expropriated material did. When the 
Museum, thirty or so years after Tesla's death, pub 
lished he Colorado fragment itdid soin Serbo-Croatian, 
a curious choice since Tesla, though of Serbian origin, 
wrote these notes in English. What the Museum pub- 
lished as Colorado Springs Notes in 1978 (under the 
imprint NoLit) had been translated back into English 
from the Serbo-Croatian, The translator, in his ap- 
pended notes, tendstodiscredit Tesla's versionofradio. 
"The discrepancies between he original and the transla- 
tion have prompted a study by Tesla scholar John 
Ratzlaff called Serbo-Croatian Diary Comparisons. 

‘These frustrations noted, you still have tobe grate- 
fulforthe relatively abundant documentation of Testes 
ratio relative to what you would find in print on any 
other deviant radio pioneer, such as Loomis or 
‘Stubblefield 

‘To put Tesla in perspective, I have also read exten- 
sively in the literature of conventional radio, and, by 
way of grounding this information, have invested per- 
haps an inordinate emount of time in designing, build- 
ing, and experimenting with elemental transmitters and 
receivers, a couple of whichare illustrated inthis book, 


Tesla's radio principles 

Tesla believed that radio was conduction, not radiation. 
A radio transmitter should put out high voltage deliv- 
‘ered in pulses sharp and sudden. Tesla's radio was 
‘grounded rather than aerial. He saw radio as most potent 
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in the lower frequencies. For both transmitting and 
receiving, the magnifying of effects, hebelieved, should 
be achieved with resonance and capacitive discharge 
rather than amplifier stages. He believed radio was a 
disturbance of a pervasive medium called th ether. 
Rather than a radiating antenna, he employed an aerial 
capacity Tela radio inventions, ikehis others show 
a striving for simplicity rather than complexity. He 
eschewed the miniaturization fashionable today, con- 
ducting his experiments on a fearless scale. Fundamen- 
taltoresonanctuning was Tesla'squarte-wave principle. 
Tesla planned, promoted, and began construction of a 
World System of radio founded on these principles. 

(On these same transmitting principles, and with 
boat the same equipment, Tesla experimented with his 
wireless power. This vasa radio-Like system that was to 
be a successor to the wired grid, which was built on 
‘Tesh'sown60-cyclealtemating-current patents. Testes 
wireless power system (also patented) was designed to 
deliver by means of earth-elsetrical vibration power 
sufficient for industrial demands. 

Teslaboastsof the simplicity of his wireless power 
receiving system: “Any persen skilled in the mechani 
cal and electrical ans can utilize to advantage the 
practical applications of the system,” by which he 
means that any person so skilled een constmct de 
apparatus, receive the energy, and put it to'use, Thus 
Tesla's system shor-circuits the techno-priesthood, 
inviting suppression. 

Tesla's wireless power has never been duplicated. 
"Tesla is on record as saying that he lit up 10,040 watts 
woch of Edison bulbs wirelessly 26 miles fiom his 
‘magnifying tansmitterat Colorado Springs, butif Tesla. 
‘wrote an entry on this remarkable experiment, itis not 
to be found in the English version of the published 
‘Notes, Whatever the viability of Tesla's wirelesspowcr, 
his conviction that sucha thing was possible testifies to 
his belief in the special power of his peculiar radio 
technology. 


for more information 

Testes Colorado Springs Notes du Lib is distibuted by Twenty 
First Century Books (P.O. Box 2001, Breckenridge, CO 80424, 
rmxtetoots cum) as are John Razas Complete Patents of 
Tesla, Serbo-Croatton Diary Comparisons, snd atate? Tesla 
Bibliography. 


1. High Voltage, 
Sudden Pulse 


slastyle radio transmiting applies ighetecuo- 
aue force to the aeri ground system — 

undred thousanás or millions of volts,” said 

| Tesia. Those extraordinary sounding pressures can be 

| achieved using the tesla coil, and fact is that Tesla's 
transmitters were tesla cil. 

“Te tesla cil, with the addition of a resonant third 
coil and a few other alterations, becomes Tesla's mag- 
nifying transmiter, which Tesla boasted wouldenable 
the obtainment of practically any emf, the limits being 
so far remote that wouldnot hesitate W produce sparks 
thousands of feet ong in this warmer In Testa adio 
You ae happening only when your aerial glows be 

Tn modern ransminers potas in the hundreds 
of thousands, mich less millions, of volts are unheard- 
of Rarely does the voltage anywhere in vacuum-tube 
transmit circuits exceed ten thousand and is usually 
under 1500. Antenna voltage rarely exceeds 1000. In 
‘calculating the performance of a modem transmitter, 
focus is on antenna current, not voltage. 


| sudden pulse 

Inaddiion to the high voltage, Tesa-style ransmission. 
reqiicssuddenpulsingsn Tesla's words, “an immense 
rate of momentary energy delivery.” This also comes 
‘easly 1o the tesa coil transmitter, driven as itis by the 
sudden capacitive discharges of Tesla's spark-gap 
oscillaior, 


‘Tesla’s transmitters 

“With electromotive impulses notgreatly exceeding 15 
1o 20 million volts, the energy of many thousands of 
horsepower may be transmitted over vas distances, 
measured by many hundreds and even thousands of 
miles." So writes Tesla in a basic radio and wireless- 
power patent. Among the uses for this electromotive 
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basic Tesla transmitter circuit 


energy Tesla cites the transmission of “intelligible 
messages b great distances" power for "industrial 
Purposes,” he production oritricacidand fertilizer by 
electrifying nitrogenin the atmosphere, and theillumi- 
mation of “upper straa of air,” this lastitem referring to 
‘Tesla’soutageousscheme tolightupareas ofthe planet 
atnight by beaming oscillating electric energy into the 


“Itisaform of oscillator of great simplicity," Tesla 
wrote. “A coil of high self-induction is connected in 
‘series with a condenser, and across the condenser is 
placed abreak generally nseries withthe primary ofthe 
cil. Very sudden discharges are produced when using 
a fine stream of electrolyte or mercury to effect short 
circuit,” says Tesla, referring to one of his patented 
circuit controllers. 


engineering 
‘Theenginesringof the Tesla vansmitteris the engineer- 
ing of the esta coil, and I offer, as supplement to my 
booklet on the subject, the following guidelines from. 
Tesla's patenis and Colorado notes: 

‘The primary cols inductance, ad its resistance, 
Should be as low as possible. Just one tum of heavy 
double cable sufficed for tho Si-foot diameter primary 
ofTesla’s Colorado ransmitter, and thecoil with which 
Tesla demonstaed wireless before the patent examin- 
ens, a coil vith a flatspiral secondary, had a primary of 
a single tum. 

Tho primary and secondary should have equal 
weights of metal. This principle helps determine the 
thickness of the prinary conductor. 

Of the secondary, Tesla wrote that its resistance, 
ton, shouldbe as ow as possite, but the sel-induction 
should beas high as possible. The flat spiral secondary 
ofthe coil mentioned above ad 50 tums of number 10 
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wire. Thehelical secondary of ihe Colorado transmitter 
nad 2e turns of number 8 on i 31-foot diameter. 

‘A loose coupling between primary and secondary 
is desirable. The mutual inductance should be smallso 
asto permit freo oscillation,” sid Tesla; a coil oscillates 
most vigorously whea it is “inductively fre of other 
circuits.” The incredible excitation of a magnifying 
transmiter'stertiary coil Teslaattributes to its freedom. 
from the damping effects that vould result from amore 
closely coupled secondary. The tertiary, or "extra coil,” 
as Tesla called it, can be located some distance from the 
coil stimulating it. Within the Colorado wansmiter's 


thwartarcing beween the coils. Acone-sheped second- 
ary offers similar advantages ard is also considered 
superior to the customary helical 

‘The magnifying effect of the interacting ccils, 
"Tesla said, is “directly proportiorate to the inductance 
and frequency and inversely to the resistance of the 
‘secondary system.” This need for low resistance invites 
the builder to consider conductors superior to conven- 
tional copper wire. A vidco from Borderland Sciences 


helix 
secondary coils 


‘cone 
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Hertz resonator 


demorstratesa Tesla-style transmitter with a flat-spiral 
socondary madcofsilver-eflon coaxial cable; the shield- 
ing is the conductor. The same coil has a primary of 
bronze strap. 

Tesla tuned his transmitters for "maximum rise of 


Sl bo diameter primary-secondary cil system, Testa 
wouldsetdownateríary, notnecessarily centered. One 
Colorado photo shows several of these extra coils, 
ranging in diameters from seven inches o eight fee, 
placed hereand there within the 51-foo: enclosure each 
spouting sparks. 

Loose coupling fora mors free and swinging oscil- 
lation is an engineering objective behind the fit pr 
secondary design. As the coil spirals in, tums become 
more and more remote from te primary and itsinertial 
influence. Also, since the secondary takes on higher 
voltage as it spirals inward, the outer tums nearer the 
primary areat relatively low potential and this helps to 
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spark-gap oscillators 


emf on the excited system,” as indicated by a small 
incandescent bulb connected ina single loop around the 
final coil. Tuning was aided by a regulating coil and by 
anadjustable spark gap inthe ground circuit orby a gap 
shunting part of the secondary. He observed that “ihe 
tuning is remarkably exact, 1/8 tur of the self-induc- 
tion box reducing the effect very much." He said, "I 
becomes easy to locate the maximum rise within one- 
quarter of one percent.” He described his ansmitc's 
tuning as “very sharp. 


spark 
Spark radio is high-voltage, sudden pulse. Spark isas 
olds radio its: Radio was supposedly discoveredby 
somebody wondering about spark noisesina telephone. 
Hertz” experiments used spark. The induction coil with 
spark gapis thefirstradiotransmiter. Thonextadvarce. 
puta capacitor in the circuit, as in Tesla's spark-gap 
oscillator, This Tesla invented not for radio but foran 
carly high-frequency lighting sysem. For adio, Tesla 
used his all-purpose oscillator, the tesla coil. 

As radio moved ino the future, lecving Testa 
behind, th spark transmiter that came intogeneral use 
Was nota tesla coil but a truncated version which the 
magical resonan: secondary was lepped off The power 
Supply as an induction coil which one could uldor. 
buy. One manufacturer advertised eleven models pro- 
viding sparks from 1/4 inch to 8 inches. Antenna and 
{round were connected io a peng like helical coil 
called tansmiting helix, The rarity of e tesla-coit 
transmitters in the literature suggests that this potent 
oscillator may have beena well-kept secreteven in the 
spark ea. 


“spark forever” 
"Using spark allows obtaining of great suddenness,” 
said Tesla. Nomodem tubeor semiconductercan match. 
disruptive discharge for rapid switching of high energy 
withoutblowing par. The history ofradioreport that 
operators were satisfied with spark. “The pervading 
spirit was one of complete complocency with regard to 

“the technical status of the art,” according t» one hisio- 
ian. A 250-wattspark set went 300-400 mile, and with 

“spark that power was eas to come by. The cite 

“simple, the partseasy to find even today forthose inthe 
Jnow about tesla-coil buiding. Ifyou needed to throw 
logetheca telegraphic radio signaling deviccina pinch, 
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spark-gop transmitter with helix 


spark might be the way to go, and even voice modula 
tion is possible, as we shal see. 

‘The sudden-pulse spark-gap oscillator could be 
used to drive a microwave cavity resonator (page 7). 

‘Coulda scll-powered spark transmitir be created 
from a staic machine? (Also page 7) 

Radio operators, both commercial and amateur, 
resisted mightily he movement to suppress spark and 
replace it with tube oscillators, which they saw as 
costly, complex, and relatively ineffectual, The anti- 
spark movement was imposed from above by industry 
and government, Imprinted on some of the QSL cards 


‘author's experimental spark transmitter. 


radio tesla 


hams sent through the post to confirm contact was the 
slogan “spark forever.” Resistance continued into the 
1920's, and, who knows, there may still be a few covert 
spark operators out there in the night. 


cleaning up spark 
The problem imputed to spark was broadness of signal 
radio tands which were becom- 
ng progressively more crowded with competing com- 
municators. Desired was a sharp, clean signal that 
occupied only the thinnest slice of the busy radio 
spectrum. There is nothing in the FCC Code for ama- 
teurs that prohibits spark itself. The Code does set strict 
emission Standards that the rudimentary wansmitier of 
the spark era had troable conforming to. 
"The common historical impression is that spark 
transmitters were uniformly and inevitably crude and 
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testa-coil transmitter (1910) 


that the new vacuum-tube transmitters using feedback 
principles of oscillation, came along like white nights 
and cleaned up the spectrum. Fact is, though, that 
toward the end of the spark era transmitters using 
evolved spark technologies were developed, manufac- 
‘ured in numbers, and saw long service on land and sea, 
sharing the bands with the incoming tube (end arc) 
transmitters. Although any spark transmitter, no matter 
how sophisticated, dissipated some of its power in 
harmonics, these advanced spark rigs produced rela- 
tively clean and narrow fundamental signals and the 
‘smooth, damped, “continuous waves” boasted by the 
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Testa's push-pull oscillator 


promoters of e new tube transmitters. Even after ships 
were routinely equipped with tbe rigs, adio operators 
insisted on keeping on board as auxiliaries their old 
reliable units with Spal. 

"The engineering of superior spark transmitting 
focused on improving the quenching (shutting off) of 
the gap: the technology of airtight series gaps, magnetic 
blow-outs, and rotary gaps. Perfecting of the spark gap 
.gotalot of attention from Tesla,and perhaps his patents 
‘were studied by radio engineers, but no: necessarily. 

Tesla anticipated he push-pull circuit common in 
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with Jia Davie 


author's pestespull tube transmitter 


amplifiers and transmivers. Tesla ultimately replaced 
the spark gap altogether and achieved disruptive dis- 
‘chargewithingenious high-energy mechanical “breaks,” 

uding rotary mercury switches and mercury jets. 
"Tosla said that his transmitters produced continuous 
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static machine drives = 
spark transmitter (putative) 


basic tube transmitter. 


waves. Evolved spark transmitters used synchronous 
rotary gaps which coordinated the charging rhythm of 
the capacitor with the frequency. 

‘A feature of Testa’ smagnifying transmitter design 
that discourages undamped waves is the singletum 
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spark-gap oscilator 
drives cavity resonator 


primary. This reduces the induction of the primary 
Circuitso that unwanted oscillation cannot occur there. 
"The same provision shows up in the only magnifying 
transmitter circuit haveseeninradiooutsideof Teda's. 


Called the impacttransmiter, this circuit from the spark 
era featured quenched gaps in tandem, The rame belies 
anunderstandingof Tesla style sudden-pulse transmit- 
ting. Knowledge of the impact transmitter, patented by 
Oliver Lodge, was never widely circulated to the public 
and remained a secret. 


Can you modulate spark? 
‘Thegencralimpressionisthatspark isstrictlyiclegraphic, 
but, factis, spark transmitters can be modulated. 

For telegraphy, tone modulation is inherent in 
spark, ths tone being determined by the frequency ofthe 
gap. Rotary and series gaps produce characteristic tones 
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impact transmitter 
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that help telegraphic signals cut through static noise. 
(Tube and transistor transmitters require separate au- 
dio-oscillator circuits to impose a tone, yet another 
complexity.) Voice modulation requires that this spark 
sound be eliminated, that the frequency of spark dis- 


arc transmitter 


charges be raised to at east 5000 sparks per second. As 
carly as 1900, Reginald Fessenden achieved bond nde 
radio telephony with a spark transmitter, He probably 
useda very simple and now- forgotten method knownas 
absorption. 

‘A precedent for absorption modulation is to be 
foundinnetecknology ofaltemator transmitters. Tesla, 
the inventor of the ac generator, or alternator, had 
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series (quenched) gap 
‘and rotary gap. 


experimented with units having many polesand capable 
of frequencies of up to 20 or 30 c. These he intended 
to use not for radio but for his high-frequency lighting, 
Tesla abandoned the altemator early on in his experi- 
‘menting because of its frequency limitations and devel- 
‘oped his spark-gap oscillator and tesla coil for his 
lighting. Ironically, it was an alternator quite similar to 
‘Tesla’ sthat became the first overseas radio transmitter. 
Fessenden developed a 50-kilowatt dynamo. 
Alexanderson scaled this up to 200 kilowatts. These 
huge alternators (they looked like power-plant dyna- 
os) were put into service parallel with spark. Alterna 
tor radio necessarily remained low-frequency (often so 
low that voice was not possible) with longantennasand 
deep groundings. Unlike spark, the high-RPM altema- 
torcouldnotbe tumed onand off fortelegraphy. Sohow 
did they key an altemnator? The solution was a magnetic 
shut-off, which works on a principle similar to that of 
absorption modalation. Notice that the shut-off isin the 
ground circuit, suggesting that alternator radio was 
construed as a groundedradio. Absorption modulation. 
forradio-elephony wasinstalledin thccircuitsofeither. 
the antenna or the ground. Fessenden, in 1906, broad- 
cast a program of music and speech with an 80 ke 
alternator. 
Invacuum-tube transmitting expensivehigh-power 
audioamplifiersare necessary for plate modulation, the 
respecuble mode: grid- and screen-modulation also 


require audio amplifiers though of lesser power. The 
incspersivenessandsimplicityofabsorptionmodulaion 
tempts experimenters who seck a simpler radio 
technology. Ihave scen themethoddescribodas “crude” 
in a 1924 radio book where it pops up, but no specifics 
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continuous-wave 
spark transmitter 


‘wore given. Is it necessarily low-fi? Does it cause 
unwanted FM effects, widening the band-width 
‘unacceptably? 1 have seen reference to the carbon 
microphone overheating in muli-kilowat rigs. The 
‘cure wasa water-cooled microphone. KQW in San Jose, 
California broadcast voice and music circa 1912 oran 
‘are transmitter heard for about a thousand miles, and. 
WLW in Chicago boomed on the AM band in the early 
°30°s with ahal-megawattspark ransmiter. Both used. 
the antenna-absorption method. 


magnetic shutoff 
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absorbtion modulation 


Tesk'savailablenotesand patents tell usvery lid 
bout his articular modulation schemes (his Colorado 
notes show an “arc controller”), butas the promoter cf 
a world broadcasing system he seemed supremely 
confident that his magnifying transmitters could be 
modulate, 

‘The passing of spark marked theend of Tesla-style 
high-voluge, sudden-pulse ransmiting. 
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1919, “are ever so much more effective in 
transnission, which is inconsistent with the 
prevailing idea.” Radio at ow frequencies (below the 
AM broadcast band) delivers more distance per watt. It 
is less vulnerable to atmospherics than shorwave. It 
doesnot suffer from the fade-in-fade-out syndrome that 
plagues shortwave. Low frequency radioislessaffected 
by the sun. While much of shortwave is bloted out in 
daytime, low-frequency propagation is strongest at 
nidday. 
nearly radio, he superiority oL low-frequency was 
ken for granted, Shortvare was considered useless. 
But as rado attracted more practitioners, there inevita- 
‘ly developed a struggle for elbow room within the 
limited confines ofthe recognized radio spectrum. 


ʻO scillations of low frequency," said Tesla in 


who owns the ether? 
Notsurprisingly, the very fistentitytoclaim ownership 
of the increasingly precious spectrum real estate was 
Government, in particular that of the U.S. trough its 
navy. The U.S. Navy between 190) and 1910 made 
Soveral attempts to put radio undr its sole control. The 
Navy, which during this period was already developing 
global marine conmunicatons and radio-navigaion 
systems, was so assured ofits right to rule theether that 
iicampaigned Congress fora monopoly fal of radio, 
tnahpointio-pointandbroaicastonseaandland world. 
wide. 

“The Navy alsofought forthe phase-outofsparkand 
tie development ofa morerefined radio. Itsetthe specs 
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for industry to develop the new continuous-wave 
technology. 

Of course, the spectrum had not been waiting 
silently for government to step in and regulate it. The 
‘ether was already abuzz with activity, much of it con- 
ducted by the independent citzen-experimenters who 
ultimately became labelled (did they think it conde- 
sceading?) as "amateurs." 

‘The Navy introduced into Congressa sericsofbills 
hat had the standard formula cf providing for diferent 
<lassesof stations thatwould beregisteredandlicensed, 
and then making it illegal for any outsider to interfere 
with these stations, No mention was made of the ama- 
teurs, whose transmitting stations (largely spark) wero 
to number about 6000 by 1916. Thus, in these carly 
legislative attempts, the hams were rendered de-facto 
outlaws. The Navy's campaign was ultimately joined 
by the Deparment of Commerce and by such commer- 
cialintercstsas Marconi’s United Wireless, The hams, 
to defend themselves, organized into the still active 
‘American Radio Reley League. 

"The legislation that finally passed (1912) did rec- 
ognize the hems but banished them from any activity in 
the low frequencies. This wasin the spirit of yes-you- 
‘carrgo-swimnming-bue-don’t-go-in-the-water, for bu. 
dane) radio was al the radio there was. The show 
wales were then considered not only inferior but un- 
‘workable, the desert real estate of the spectrum. 

"The Government's final solution t the problem of 
a peoples’ experimental radio was achieved, albeit 
briefly, in World War I when all amatcur rado was 


flatly outlawed for the duration. The Emergency Order, 
which came from the Dept. of Commerce and was 

igned by the Navy, banned not only transmitting but 
short- and long-wave listening as well The order put 
Tadiourderthefilloontrcl of tle Navy, which then vied 
to persvade Congres to make this situation permanent. 
Ultimately, federal control of radio was to pass out of 
the conrol ofthe Navy and into the Dept. ofCommerce, 
untl the Radio Act of 1934 created the FCC: 

WWI also provided the opportunity for the 
government's destruction by dynamite of Tesla’s mag- 
nifying transmiter tower, which still stood sturdily at 
Wardercliff, LongIsand acuriostytopasers-by. The 
excuse given was that the tower could be used by 
“spies,” but the intention must have been to erase this 
monument to Tesla's alien radio and wireless power. 

During WWII the government ordered another 
blackout of amateur radio 

The hams ac sill on the defensive. As I write the 
ARRL is dealing with a threat to yet another amateur 
territory way up in the spectrum at 222 megacycle, a 
fand United Parcel Service and others are pressuring 
the FCC to reallocate to land-mobile uses. 

‘Th low frequencies, under the conta of govem- 
ment, have beenallocatedto military and cher bureau- 
cratic functions ionavigation beacons, ikeOmega (10- 
14 kc) and LORAN (100kc), and for weather stations, 
and time registers. Tesla had suggested low-frequency 
mavigaton systems. Some of the military transmicers 
arc humungous like the Navy's 3000 acre NAA com- 
mand facility (24 kc) thatruns 2 million watts and ELF 
down at 76 cycls, which usós antennas over 50 milos 
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citizens? radio 
‘The government-military takeover of radio (nearly 100 
percent of the low bandsand much of the upper spec- 
trum as well) has impacted on the amateurs, who have 
had to justify themselves as a quasi-govemment "ser- 
vice" in order io retain the privilege of radio. The 
amateurs! awkward posture is: "We are an emergency 
service, but, until an emergency comes up, we'll just be 
jawboning here to keep these bands open. 

As early as 1925 the hams were building close 
functional relationships with the military. During the 
amateur blackout of wil, many hams, as a way of. 
staying active, enlisted in a military-run civil-defense 
program called the War Emergency Radio Service. 
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Before government had a police radio, there was an 
amateur service that assisted the police in matters such 
as recovering stolen cars. 

‘The fact that there is any nongovernment or non- 
commercial radio is obscured from the public con- 
sciousness. While hams sometimes get a few seconds 
on the tv news when they are performing their public 
service during ancarthquake, the general putlicis given 
lite awareness via the mass media that such a thing as 
a citizen's radio exists. On the tv the only character 
holding a radio mike is a cop. 

A colorful wall-poster chart of the entire radio 
spectrumpublished by the Office ofSpectrun Manage- 
ment (a bureaucracy within the U.S. Department of 
Commerce's National Telecommunications and Infor- 
mation Administration) provides elaborate color cod- 
ing of 28 radio services, including broadcast, 
radionavigation, amateur, etc., but has no code for a 
citizens radio, andthe 40-chanvelcitizensbandat27 me 
isominoasly absent from the chart. 

Regulation of the ether can never be absolut. 
Some governments, like laly's, hive had (o abdicate 
some oftheir contol over broadcasting to independents 
‘pirates’. Pirate radio and tv flourish where a stete 
radio tries to dominate, snd, by the same dynamic, 
where broadcasting is dominated by a handful of media 
corporations acting as one, piracy will predictably rise. 
ap. Some people believe in keeping a gun in the house 
by way of providing for some impending politcal 
catastrophe. I'm not a gun person, but I do advocate 
‘keepingatransmiter handy. Does te First Amendment. 
{guarantee the rightto beartansmittrs?) The FCC once 
thought that it controlled CB, but when CB exploded 
with the advent of inexpensive transceivers made 
Jossible by the phase-Tock oop frequency synthesizer, 
the govemment found itcould notenlist the cooperation 
ofall operators in a licensing procedure and threw up its 
hands. CB may bz anarchy, but it still works, and the 
FCC can't do much about the kilowatt linears anyway. 


black-box consumers 

There is little encouragement for hams or anybody else 
‘explore radio experimertally. The literature testifies 
toa time when way opened more easily for the curious. 
and the experimenter. Published between 1900 and 
1930 were at least twenty different monthiies for the 
electricalexperimenter. These publications were fullof 
projects, including transmitcrs and receivers, that one 
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could buildin the basement workshop from pars easily 
available atindependent dealers, Tesla, who published 
inthe popular press, while avoiding the academic, was 
a star contibutor to some of these magazines. The 
reader was assumed to be an experimenter, a builder, 
and capabl of sustained thought, judging from the 
Proso. Today heisassumed tobe, above all, a consumer. 

"The typical ham through the 1930's built his own 
station, transmitter and receiver. By the mid-1940 she 
was still likely to build his own transmiter (though 
manufactured units were becoming available), but by 
then be hal been persuaded that de manufactured 
Teceiver was superior to anything he himself could 
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build. Since the *60'sthe hamhas bought both transmit- 
ter and receiver (even most of the kits popular in the 
S s are gone), and today heis encouraged to buy, for 
$800 and up, both units boxed into one solid-state 
transceiver. Once anexperimenter and builder, the ham 
‘of today is encouraged to become just another dopen- 
deat consumer of Hack-box electronic components, 
‘which he himself ofien cannot even repair. In he case 
‘of broadcasting, the FCC prohibits a licensed operator. 
ofan AM, FM, or tv station building Lis own uansmit- 
ter, and the FCC dictates design, hence cost. Today, 
among the few who build their own, is the pirate 
broadcaster, though he is als likely o convert an old 
ham rig. Many of the radio listeners of yesteryear built 
their own receiving sets for broadcast AM listening as 
well a shortwave, but by 1930 this became unfashion- 
able due tothe abundance of manufactured units. 
With today's integrated circuits, even the do-it- 
yourself discret-component builder and experimenter 
becomes a consumer of tiny black boxes whose con- 
cesed workings he may only dimly understand, 
Sealing up electronics in black boxes discourages, 
the curious, while itpromotssa prisattood, andso does 
the conventional electronics education and its text- 
"books. The innocent student, from the first day, is 
‘snowed under with mathematical formulae ~ informa- 
tion that could be useful someday if he were allowed to 
engineer acircuit, but it cannot tell hin how electricity 
warts. (Yoar authorin his checkered past was an editor 
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ofa series of those “basic” electronics texts; his Tesla 
work may be an act of penance) Tesla a consummate 
mathematician, was skeptical of mathematical explana- 
tions Hecalled Relativiy “amassof deceptions wrapped 
ina beautiful mathematical cloak.” Tesla had no good 
‘words for the electronics theory that grew out of quan 
tum and Einstinian physics. He is on record as saying 
that “there is no such thing as an electron." 


low-frequency revival 

While conventional histories congratulate the amateurs 
for tuming shortwave into viable radio (the hans it 
vented the shortwave technology the Nevy and others 
‘would adopt), the allocation of hams to frequencies 
above 1500 kc meant their exile from superior uff The 
banishment of hams from long-wave along with the 
romancing of the shortwaves has resulted in the almost 
complete laps from public memory of low-frequency 
radioand what it means. This is particularly true i the 
US. forthereis some long-wave broadcasting abroad, 
which, incidentally, can be received hereiosomeextent 
‘on both coasts. 

But in recent years there has been a revival of 
longwave. Low Frequency Experimental Radio people 
(LowFERS) vansmit icense-fiee in the 1750-mever 
‘band(160-190kc) withgovernment sanction undesPart 
15 ofthe Federal Communications Act, the same itle- 
Known part ofthe law that permits fes power commu: 
nity broadcasting. The aw limits LowFERS to just one 
‘watt and to a 50-foot antenna-ground system. Under 


low-frequency transmitter 
(160-190 kc) 


ideal conditions, a legal LowFER signal can be heard 
forupto 1000 ies testimony tothe power of longwave. 
Rut there are so many competing disturbances in these 
frequencies from broadcast harmonics, powerline har- 
monics, powerline-carried noises from motors and light 
dimmers and many other inadvertent transmitters, that 
reception is almost impossible in urban environments, 
Most LowFERs set up telegraphic beacons, listen for 
each other, and report reception in their networking 
newsletters, publications tnat are in the avant-garde of 
experimental radio. LowFERS are among the fev who 
‘build their own, LowFERs remain true to the experi- 
‘mental spirit that marked early radio. They arc willing, 
asoneLowFER putit,to" reinventthe wheel.” LowFER 
reception requires the experimenter to go mobil: into 
the boondocks where it’s electronically quiet, but even 
then signalsmay be overwhelmed by GWEN, a nuclear- 
doomsday Air Force system having about one hundred 
sites across the country. GWEN operates in the same 
band assigned tothe one-watt LowFERs and its stations. 
rehearse daily, emitting bursts of heavily encrypted 
radio teletype. (The same federal spectrum chart that 
forgets CB assignsa” governmentexclusive" codetoall 
of LovFERIand.) 

Most LowFERS are resigned to working experi- 
mentally within the challenging constraints of the gov- 
cemment-mandated one watt, but some are agitating for 
more practicable levels of power. 

Closely alied to the LowFERs are ihe MedFERs, 
medium-wave experimenters who operate just above 
and below the AM. band with a 100 milliwatt power 
limit, the same flea-power limit applied to community 
broadcasters. The upper MedFER territory has been 
‘opened to commercial broadcasters, but these experi- 
menters will continue inthe band until displaced. A few 
broadcasters arc already operaiiag in tte band; their 
viability depends upon the manufacture of receivers 
with extended AM-band coverage. 


carrier-current radio 

When amateur radio was outlawed in WWII, the only 
activity open to hams, outside of enlisting in the War- 
time Radio Service, was a low-irequency radio propa- 
gated over the power lines. Called carier-current or 
wired wireless, this litle known mode cf radio i par- 
ticularlyeffective at low frequencies. Line transformers 
tend tochoke out high frequencies, but low frequencies 
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a carrier-current coupling to power lines 


conduct through. The WWII hams worked voice and 
code down at 160 to 200 ke. 

Powercompaniesuse such alow-frequency system 
today to transmit information between stations. Power- 
line carriers are another nuisance to low frequency 
listeners. 

For the independent broadcaster, carrier current is 
an option. Within flea-power watt restraints, it's even 
egal under Pan 15. Independentand community broad- 
castors use carier current for transmitting both AM and 
FM. Receiversneednotbe coupled to thelines; evencar. 
radios can get the signal from the overhead wires. 
Though the AM band is five times higher than the. 
frequency a power company ora WWII ham would use, 
AM probably docs some penetrating of transformers. 1 
recall ihat my college AM carrier-current station did a 
good job of geting around the entire campus as vell as 
much of the adjoining small town. 


open land 
Did ycuknowthatin thebasementofthevery crowded, 
highly controlled radio spectrum, down at 0 - 9000 
cycles, there is no government regulation? Thus, this 
tunallocated very low frequency band is open to unli- 
censed experimenters atany power level. Conceivably, 

using 
amplifiers. An underwater diver 
Communication system uses 10-watt audio amplifiers. 
Output is connected to widely spaced submerged elec- 
trodes as antennas. The idea might be tempting to 
audiophiles who wouldberadiophiles. A problem would. 
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be the noises, both civilized andnatural, hat abound in 
this band, particularly the 60-cyele powes-line hum and. 
its harmonics. Another problem is that ny one voice- 
‘modulated signal wouldconsumetheentire band within 
is range for the duration of the transmission. 


low-frequency listening 
‘When shortwave came into fashion, the bwer frequen- 
cies became de-facto off-limits to the listening public. 
Butlaely, along with ths LowFERs, the low-frequency 
listener is coming back. There is a growing curiosity 
about what goes on in he forbidden terriiory below the 
AM broadcast ban 
To tune in reliably to distant LowFER beacons 
takes asophistisated rocsiverwitherystalfiltersand one 
kilocyzle dial resolution, but I can testify to the enjoy- 
wen provided by seeking stronger beacons on my 
simple, one-transistor, uncalibrated home-built regen- 
‘erative unit shown laterherein, If you own a shortwave 
receiver, you may wantiotry asolid-stateconverterlike. 
the one Shown above. Beacons are radio-elegraphic 
lighthouses thatrepeatsiow alphabeticideniiers (good 
code practice). Called NDB'S in LowFER jargon, ma- 
rine non-direcional beacons run only about 25 watts, 
while the FAA's aeronautic beacons can go to a kilo- 
Watt. There are directories that can tell you the location 
‘of beacons heard, if youwant to take itthat far, Also you 
may hear maritime ship-to-shore telegraph as well as 
big military transmitters, along with a lot of other 
strange signals you justhave to wonder about, Receiv- 
i the megawatt foreign low-frequency broadcast sta- 
tionsisa possibility ifyou live oneither U.S. coast Any 
low-frequency listening is subject to suppression by 
civilized electrical noise and benefits from a nonusban 
‘environment. Itis in urban listening thatthe expensive. 

wel-filtered receiver pays off 


natural radio 

With a very low-frequency receiver (below 30 kc), you. 
caa hear the sounds of natural radio: spherics, hisses, 
Pops, chirps, tweaks, whistlers, as well as something 
called the dawn chorus. Tesla listened to the sourds of 
VLF radio andconjectured thatamong tho disturbances 
were signals from Mars. ‘A cleersuggesion of number 
and order,” he noted; “impossible to think accidental. 
purpose was behind these signals.) Experimenters 
today who ture in to nature’s radio us receivers of 
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various degrees of sophistication, but, according to 
Michael Mieke in his Sounds of Natural Radio, 

a large enough antenna, even amplification can be 
dispensed with; signals can be heard using nothing 
more than headphones connected between antenna and 
ground" 


for more information 
200 Meters and Down, The Story o Amateur radio by Clinton 
DeSoto, 1936, (ARRL, 225 Main St Newington, CT 06111). US. 
[Frequency Allocations, The Spectrum is a fallcolor wall poser 
chart (US. Gow. Printing Otice, Washington DC. 20422) High 
Power Wireless (1910) and The 1934 Official Shortwave 
Manua, Hugo Gemsbach, ed. (all duce from Lindsay). The 
Lowdown is the LowFER ard MedFER newsletter, Bill Olfer, ed. 
VVV 
19057). Carrier Current Techniques by Emast Wil (Pan 
Com, FO. Box 130, Paradse, CA 95969). Law and Medium 
Frequency Scrapbook by Ken Comel, the bible of LF tech (25 
Baltimore Ave, Point Pleasant Beach, NI 08242) Tela: Contact 
with Mars (Rex Research, PO. Box 19250, Sean NV 89019). 


3. Conduction 
Through the Ground 


be propagation of radio signals and wireless 
power Tesla saw asa matter of conduction 
"Tesh'sradio conducive path was nota circuit 

in the conventional sense but was modeled on the 
Single-wre-vithoutsetum principle that he demon- 
Straed in his high-frequency, high-vollage lighting 
system. Electric researcher Erie Dollar calls ttis one- 
Sway conductive effect “longitudinal electricity.” 

‘Tesla’sradio-conduction can happen either through 
the earth or through the sky. Tesla said, “The carth 
behaves simply as anordinary conducor." He said the 
cart was superior conducta but, perünent to sky 
transmission, Tesaisonrecordina patentas saying that 
“transmission throug elevated strata encounters possi- 
bly less resistance than copper wire 

Conventional theory never hints at radio propaga- 
tion being anything Ike conduction but represents itas 
some kind o radiation. This is more than a textbook 
convention; a whole science of antenna design is based 
on this assumption, which Tesla dismissed. 


an etheric medium 
What is radio, anyway? Tho texts, like my Radio 
Amateur's Handbook, speak of r $ 
But, atthe same time, itisa “wave.” Then agair 
sane paragraph of the Handbook, which is just echoing 
respectable physics, we are tld that it is “traveling 
elearostatic and electromagnetic fields.” Whatever it 
is, some sortof almost material emanation is presumed 
to be issuing from th» antenna into a oid. 

"Tesla, however, saw radio as a “disturbance ofthe 
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Hertzian vs Testa radio 


medium," or “commotion in he medium." He writes 
of"transiitinganelecticalovementtotheenvironing. 
medium.” What is thismedium? 

o Tesla's time it was an article of faith that there 
existed a unified feld that permeated all being, all 
‘matter, including solids, liquids, and even what we call 
space or vacuum. This pervasive “ether,” as it was 
called, is the medium of radio. The transmitter en opa 
disturbance that produces, says Tesla, “alternate com- 
pressions and rarefactons in the medium." This sug- 
gests some kind of elastic continuum that conducts 
Standing waves. 

Coming from this view, all electric phenomena — 
charg, polariy, oscillation — involve some kind of 
strainor vibratory disturbance of the equilibrium of the 
caer. 

"The etherc perception of radio came naturally to 
carly experimenters. Loomis wits of his acrial legs 
raphy as "causing electrical vibrations or waves to pass 
around the world s upon the surface of some quiet lake 
one wave circle follows another from the point of 
disturbance to the farthest shores.” 

T Tesla'sradio, effective vansmitting is achieved 
by seting thiselastic medium vibrating with a sudden 
high-voltage whack, like that created by the discharge 
ofa capacitor. 


grounded rac 
Hertzian radio has us all conditioned to thinking in 
terms of aerial radio: "the air waves," “on the air.” 
Extreme importance is placed on the antenna and its 
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configurations, which can bocomebyzanine. ButTesla's 
radio is not aerial. It is g i 
end of the energized 1 
Herzien radio has no such natural load. Modem radio 
regards earth ground as anelecronic toxic waste dump 
to which noise s conducted. Teslasaidradio” shouldbe 
designed with due regard to the physical properties of 
the planet and the electrical conditions obtaining in 

"The electrical vibrations of the transmiter are 
“communicated to the ground,” says Tesla. Here they 
spt upstanding waves — "outgoing crests and hollows 
in parallel circles.” He said, "The terrestrial conductor 
isthrownintoresonance withtheoscillaions impressed 
On it like a wire.” Tesla was convinced that the waves 
were not “electromagnetic” since such waves were not 
likely to travel through the earth. Tesla's ground wave, 
unlike Hertz’ aerial, does not travel uniformly at the 
speed of light and Can even reach a velocity that is 
infinite, 

Oscillating theentireelectrostatic Earth wasamong 
Testes many ambitions, and he observed that “the 
planet behaves like a perfectly smooth and polished 
Conductor of inappreciable resistance.” He went on to 
characterize the globe as having "capacity and self- 
induction uniformly distributed along the axis of sym- 


single wire without return. 


‘metry of wave propagation." In the same text (è patent 
applied for in 1902), Tesla added that these sanding 
waves propagate "without attenuation.” That is, he is 
saying they do not diminish in intensity over distance, 


no ionosphere 


Tesla believed Hertzian aerial radio was a waste of 
‘energy. Tesla suggests that there is some radiation 
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component in a radio transmission but that it is a weak 
‘and incidental output. He thought the theory that high- 
frequency signals travelled long distances by bouncing 
off some high-altitude, radio-eflective layer called the 
ionosphere was "an uter impossibility.” Tesla was no 
aloncin disputing the existence of the Heavyside Layer, 
as the ionosphere was called then; it was quite contro- 
versial for a time before it was frozen into official 
Science. Tesla said that Henz wave theory "by its 
fascinating hold upon the imagination, has stifled cre- 
ative effort in the wireless art and retarded it for 25 
years.” 


audio rac 
In World Wer I, whea field telephones were used that 
stretched long wires over the surface of the ground, it 
was discovered that one could eavesdrop on opposing 
forces’ conversations ust by connecting headphones to 
‘ground rods, This discovered, effective monitoring 
systems were developed by both sides that consisted of 
‘two widely separated ground rods connected toa sensi- 
tive audio amplifier, Here was a Tesl-like radio: low- 
frequency conduction through the earth. There is no 
reason you cannot use this principle for an audio- 
frequency ratio in the unregulated open land below 10 
ke. When you consider that radio can happen in the 


audio band, you have 9 wonder about the term "radio. 
frequency” r), as in “if energy,” ctc., wich seems to 
imply that radio is a function of frequency. 

Disturbances caused by the various clectrical hap- 
peningsinnature, suchaslighining-createdstatic crashes, 
an occasional whistler, and otber strange sounds can 
also be heard using theabove system, and it so happens 
that the WWI eavesdropping apparatus was sometimes 
totally jammed by such natural activity. 


underground radio 
A follower of Tesla, James Harris Rogers, patented 
(192) a radiosystem in which both sending and receiv- 
ing antennas were sunk completely undergrourd or 
Underwater. Rogers had his own doubts about Herizian 
radio, He wondered, "I 50 unis of power are passed 
into the aerial, then what becomes of the equal amount 
of energy which passes into the ground" 

‘Roger's was working at low frequencies, but noth- 
ing in his patents limis his grounded radio to the low 
band. The Rogers underground achieved superior sig- 
nal sirength. According to accounts, reception was free 
from atmospheric statis, and there was no diminishing 
ol the signal in daytime, 

"Tne Navy used tne Rogers system secretly in WWI 
and announced it to the public in 1919. An editorial by 
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stove-pipe ground 


the famous editor Hugo Gemsbach in the March 1919 
issue ofthe Electrical Experimenter predicted that “the 
greatest pride of the radio amateur, the aerial on top of 
his house..is doomed... As for commercial stations 
their towers are doomed shortly for the scrap heap.” 
Tesla himself hal said, "The great amount of energy 
which can be conveyed to a [receiving] circuit by 
conduction through the ground, makes it appear pos- 
sible that the necessity of elevating terminals..may be 
dispensed with.” Gernsbach, who published much on 
Teslainhistime, said, “All our pettheories on wireless 
arc thrown into chaos," ard he predicted “a war to the 
knife between our wave-propagation theorists and the 
new school of ground-impulse savants.” 

This noted, the Rogers underground vanished from 
the media, and Rogers’ career tookadowntum reminis- 
cent of Tesla's. 


Stubblefield 

In 1902 Nathan Stubblefield demonstrated a grounded 
‘wireless telephone system of his own invention. Stück- 
{ng ironrods intothe ground at the Virginia shore of the 
Potomac River, Stubblefield communicated with a 
steamship half a mile avay. Stubblefield’s grounded. 
radio wes powered by th high-frequency output of his 
‘Stubblefield batery (patent No. 600,457), a type of 
bars energy receiver, which shows how the c 
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science of free energy nudges up against that of radio, 
another instance being thefree-energy workof T. Henry 
Moray. Loomis, oo, useda power supply that obtained 
electricity from the atmosphere. 


grounding technology 

"The ground should be made wit great care with the 
object of reducing its resistance, said Tesla. To ground 
his Colorado magnifying ransmiter, Teslburieda20- 
x-20-inch copper screen 12 feet down in the arid soil. 
Over the top of the screcnhe spread a layer of coke, He 
flowed water overthespotcontinucusly. Beneath Tesa's. 
Wardencliff tower, a shaft descended 120 feet into the 
earth. Out from the foot of the 12-x-12-foot shaft, side 
tunnelsextendedradially.They were carbon-blackened 
and hence conductive. Situated near the Long Island 
shore, the giant transmiter was thus grounded to the 
oceans, 

Such solid grounding has become another lost 
radio an. Until tie 1950's even commercial broadcast 
receivers had a ground terminal oo the chasis that one. 
was encouraged io connect toa cold-water pipe or other 
ground; some houses had a radio ground wired into a 
wall socket. 

A 1930's shortwave magazine recommended a 
stovepipe ground: a buried stove-pipe section filled 

a mixture of soil and rock salt, which attracts 
moisture. Charcoal can be mixed in,as Tesa used coke. 
Down the center runs five feet of solid copper rod or 
galvanized pipe around which is wrapped the heavy 
lead-in wire. 

‘Any conductor used to connect radio and ground 
should be as short as possible and with the heaviest 
conductor, such that an excessively long run of, say, 


Y 


tuning ground 


[09000071 


———À4i 
fone wavelength 


nodal grounding 


twenty feet is best done with a wire gauge of zero or 
bigger or maybe with copper tubing or galvanized pipe. 

‘Clamping securely onto cold water plumbing near 
toits ground-entry point is good grounding but this can 
be supplemented by other grounds, like earth rods or 
existing fence posts. Any body of water makes a good 
ground, Connect to a large submerged metal object. 
Any radio, ansmitteror reciver, becomeshyperacve 
near or connected 10 a body of water. 

Older schematics show a variable capacitor be- 
.. anioana 
taner. I've adopted this practice of tuning ground with 
ood results, including nese contol in receiving. 

Tesla's radio assumes standing earth waves, and 
Tesla recommends grounding the two ends of the re- 
ceiving coil one-half wavelength apartata wave's nodal 
Points, tie locaton of which one determines experi- 
mentally. Thisarangemeatisparicularlyimportantfor 
reception of wireless power. 

Having established a solid ground, some interest. 
ingexperimentscan be conducted in receiving, Discon- 
tect the antenna Does thesignal vanish? What happens 
when you connect groundioareceiver'ssacredanteana 
terminal? Will the Her police arrest you if you uy any 
ofi 


for more information 

Underwater Communication, inches some of Roger patente 
(exRescuct) Subsurface AnennasandtheAmaleurby Richard 
Silberstein anariclei Val. The Antena Conperdium (ARL). 
The Complex Secretar Dr.T, Henry Moray by Jorge Resins, 
Id TVcrsitefrom 1928 spiilto Mors tfm rm. 
(Borderland). 


4. Resonance 


Pacitos vibrating with sympathetic reinforce- 
ment and thereby magnifying effects by 
tremendous rados is at the heartof Tesla's technology. 
Tesla's basic radio tuning “tank” circuit (coil plus 
capacitor between aerial and ground) is, all by itself, a 
Powerful resonant signal amplifier and a beautifully 
simple one. Tesla suggests the power of a ceil t» 
‘ortcze energy. Butasradio developed over tho years, 
the tank coils in both transmitters and receivers shrank 
in size, and the result was a loss in gain that was 
Compensated for by the addition of stage after stage of 
complex amplification circuitry using vacuum tubes. 

Tesla watched this development with bewilder- 
ment For wansmitting, the resonantly tuned circuits of 
the tesla coil provided the high electromotive force 
"Tesla thought necessary for long distance radiocon- 
duction. For receiving, the big leading ard taningeoils 
magnified effects,” as Tesla liked to put it. So why 
dependon complex, multi-stagecircuitryto amplify? It 
didn'imake seaseto Tesla. He said, “My plans involved 
the we of a highly effective ard efficient transmitter 
conveying, at whatever distance, a relatively large 
amount of energy. The receiver itself is a device of 
elementary simplicity.. In sucha system resonant am- 
plification is the only one necessary.” 

“Taking the tank circuit another step out, Tesla 
conceived of receiving coil mado of glass tubing that 
‘vas filled with a rarified gas, thus offering almost no 
impećanceto the signal. This superconductivity would, 
he reasoned, result in vemendous gain. 

Tve heard tell of radio experimenter in Portland, 


T he idea of properly harmonized coils and ca- 
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Oregon who built the basic crystal set on an obscene 
scale with a broadcast AM-band tank coil four feet in 
diameterandandsix feet ong, wound of copper tubing. 
‘Tuned with abigold commercial variable capacitor, he. 
single-sage set, void of amplifier stages, drove an. 
cight-inch loudspeaker with room-filling volume. 


earth resonance 
Tesla calculated the frequencies and pulsings of his 
twansmiters with an eye o resonating the earth. Earth 
resonance is fundamental io Tesla's grounded radioand 
wireless power. Tesla suggested that the electrostatic 
cart resonated t a particular frequency, and seems to 
be suggesting that the closer the vibration is to dat 
frequency the greater the magnification of effects. 

What is this magical earth resonant frequency” In 
his Colorado nots, Tesla says the wavelength is 5200 
feet or 1737.7 meters, which works out to about 173k. 
Tesla's Colorado ransmiter ranged from 60 kc to 190 
ke; 170ke was atypical operating frequency, according 
tothe Nores. 

Tna 1920 patent, however, Tesla specifies thatthe 
frequency shouldbe “smaller than 20kc, though shorter 
waves may be practicable.” The Iowest he would allow 
‘would be 6 cycks per second, to which le adds that 
“paradoxical asit may seem, the effect will be greatest 
in a region diametrically opposite the transmits.” In 
another fundamental rado pateni, Tesla says ho has 
leamedto setup standing waves in the earth, “I found,” 
he says, “their length to vary approximately from 25 to 
70 kilometers.” This works out to 428 cycles to 12 
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tapped coil, the slider, and the variometer in which one 
coil roaies within another. The iadition of the tapped 
and slider coils is preserved among builders of the 
crystal set. Almost forgotten is the capacity slider, a 
section of encircles the coil except for a 
narrow slit There is a revival among LowFERS of the 
elegant variometer. 

‘Variable capacitorsinclude te familiar rotary plate 
(also called “air variable" because the dielectric iat), 
the simply constructed "book" type, (p. 22) and the 
tubular high-voltage type for transmitting. Old circuits 


Tesla's glass-tube vacuum coil 


Kilocycls. earth resonance happened or Teslabelow 
60 kc, then he did not achieve it or his Colorado 
transmitter unless it was by harmonics. 

Tn the 1920 patent Tesla said, "The most essential 
requirements. that respective of frequency the wave 
or wave-train should continue for a certain interval of 
time, which Thave esimated t be not less than 1/2 or 
probably 08484 of a second — the time taken in 
passing to and returning from the opposite pole at a 
mean velocity ofabout471,240kilometers per second.” 

Recent thinking on the carth-resonance mystery 
ypolhecates an eariionosplere waveguide, 2 Hert 
zian notion tat would set Testa spinning in his grave. 
‘Tesla spoke only of resonating the earth itself, The 
‘Schuman Cavity, as this waveguide is called aller its 
theorist, is said to resonate at exactly 783 cycles. 


the resonant tank 
Of his Colorado transmitter, Tesla wrote, "The vibrat- 
ing system is formed by a continuously variable and 
‘exactly determinable inductance and a capacity stan- 
dard, or by an inductance standard and a continuously 
adjustable condenser, orby asystem in which bot these 
‘elements are continuously adjustable." 

Modem radio technology has settled on the second 
‘of these options for taning — fixed coil and variable 
Capacitor, This is the arrangement since the 1930's for 
. But carly radio shows a 
mix of options to accomplish uning. Sometimes there 
is no capacitor, and tuning is accomplished with a 
variablo indvctanco alone. Variablo coils incldo tho 
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tank options. 


show variable capacitors consisting simply of a claster 
of fixed capacitors anda rotary switch. Tesla's variable 
capacitor consisted of two opposing conductive disks 
whose distance apart was adjustable (p. 2) Transmit- 
ters sometimes use lile neutralizing variables of this 
design, butI'veseen itnowhere ese. The book type was 
‘manufactured by Crosky in the 1920's. The tubular 
shows up in the transmitter literature circa 1910. 
Even the popular rotary-plae type of variable ca- 
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where £ is tho coil's inductance, Nis the number of 
tums of wire, and A is the length of the coil winding, B. 
the diameter, both in inches. 

Divide the oscillation constant for the frequency 
you want by the capacitance in microfarads and you' il 
‘getthe inductance in microhearies thatyou'll design the. 
Coil for. By transposing the coil formula, you can yield 
the number of tums. By plugging in lengths ard diam- 
eters, the physical characteristics of a coil with the 
desired inductance will begin to emerge. 
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quarter-vave principle. 

Tesla advised a simple method of calculating the length 
ofatuningcoil. Justdivide thewavelength by fourto get 
thelength of the coil wound up. This length includes the 
length of the entire aeral-ground circuit Odd multiples 
‘of tie quarter wave, including, T assume, odd factions, 
will also resonate atthe frequency. 

Tesla sated the rule: "In order to attain the best 
results it is essential that the length of each wire or 
circuit, from ground connection to the top, should bo. 
‘equa to one-quarter of the wavelength of the electrical 
vibration inthe wie, or else equal to that lengh multi- 
plied by an odd number.” 
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Tesla's quarter wave 


Tesla called his quarter-wave principle “the secret 
of tuning.” He said that “without the observation of this 
rule it is impossible to prevent the interference and 
insure the privacy of messages." 

Tesh's quarter-wave formula is still honored in 
calculating the length of antenna elements and is still 
useful in calculating an antenna-loading coil and for 
tuning crcuitsthat haveacoil alone withouta capacitor. 


building capacitors 
If you are building a variable (or any other) capacitor 
from scratch this formula is useful. I also helps you 
calculate the value of unmarked variables that you find 
in surplus electronics stores: 


224K Ald (n - 1) 


plate in square inches: d is te distance between the 
plates in inches; n is the number of plates. K is the 
‘dielectric constant, an index of the insulative (dielec- 
tric) power of the material, air being the standard with 
aK of 1. Youcan more than double the K of a variable 
if you are clever enough to find a way to submerge the 
device in mineral oil, which has a K of 2.2 and you can. 
‘more than quadruple the K in castor oil (4.7). Oil also 
ups the voltage-handing ability by a factor of ten or 

Tesla built a salt-water capacitor for his Colorado 
‘magnifying transmitter It consisted of salt-water in 
large mincral-water bottles immersed in a tank of salt- 
water. The “plates” are the salt-water, inside the bottles 


and outside, The dielectric is the boute-glass. Tesla 
called the boles “jars” (probably in thetradition of the. 
Leyden jar) and measured capacity by how many jars he 
connected ino the circuit. Youcan build an adjustable 
salt-water capacitor out of beer bottles (See Tesla Coil ) 


World System 
When the magnifying transmitter tower at Wardencliff 
was still under constrction (1902), Tesla published a 
brochure advertising the project as a prototype for a 
global radio communications corporation. Called the 
World System inthe brochure, i would serveasamul 
frequency wireless traffic conter for all existing tele- 
phore, telegraph, and stock-ticker services around the 
plant Built on Tesla's earth-resonant radio principles, 
the System would also carry a universal time register, 
navigation beacons, and even facsimile transmissions, 
T would also be a glotal system of broadcasting. Tesla 
Wasamong the first to suggest broadcasting of newsand 
entertainment to the public; only point-to-point signal- 
Jing had been experimented with up to then. 

‘Tesla's tower was never completed beyond the 
rugged framing, and the World System fantasy col- 
lapsed when Tesla's tacking, from J. P. Morgan, was 
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Wardencliff tower. 
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Tesla's multiplex. 


pulled suddenly from urder him. This crushing event 
Signalled the end of Tesla's official career. 

‘ThesystemTesla describes representsa huge jump. 
forward from aay radio technology of Tesl's docu- 
mentedin his Colorado notes, his patents, or anywhere 
ele The brochure suggesttheachievementof precisely 
tunable, high-Q, miles) powered transmitting of 
multipl channels from asingle point, transmitting ihat 
could be voice-modulated as well. 

Litle technical detail is given, but the promotional 
literature suggests that Tesla may have been planning to 
rely heavily on multiplex techniques to cut through 
noise, "My individualized system with transmiters 
emitting a wave complex and receivers comprising 
separate tuned elements cooperatively associated." He 
called the technique a “combination lock” and boasted 
thatany degree of safety against statics or other kinds of 
disturbance can be obtained.” The receiver is so de. 
signed that itresponds “only through the joint action of 
the tuned elements.” 


Was Tesla a fascist? 

You have to wonder since his World System would 
ave ken radio ight ff the bat into global centraliza- 
tion, a fantasy of control beyond the dreams even of the 
US. Navy. Asittumed out, aquarer century after Tesla 
proposedhis System, broadcastradio particularly within 
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the U.S. was still uite diversified with hundreds of AM 
stations, most only running 100 to 500 watts. National 
networks were still undeveloped. Stations were owned 
by entrepreneurs, local newspapers, colleges, churches, 
retailers. Global radio became the BEC and VOA. Even 
today, as multinational monopoly media is puting into 
place a decadent Hertzian equivalen: of Tesla's World 
System using satellites, including direct-satellite tv, the 
broadcasting of signals across national boundaries is 
hollyresistedat diplomatic and otherlevels, though this 
bate gets no coverage in the mainsream media. 
Tesla saw his World System asa civilizing force: 
“L will be very efficient in enlightening the masses, 
particularly in still uncivilized counties and ess acces 
sibleregions.” What did Tesla meanty civilization? He 
said, "No community can exist and prospec without 
rigid discipline.” He said, “Law and order absolutely 
require themaintenance of organized force.” Tesla said 
‘government “should preven the breeding ofthe unfit by 


sterilization and the deliberate guidance of the mating 

Tesla is admired for his technological prism, hi 
insistence that a machine possibility be carried to its 
logical conclusion. Society, 100. wasa machine, and i 
needed perfecting. The World Systemfited into Tesla's 
ideals of social order. His logical conclusion for orga 
nizing radiowasa system that was centralized, omnipo 
teni, and global 


for moreinformation 
nee 222 Radio Cet Designs, begegne keh 
fascinating (Lindsay). Tesla's Work with ACand Wireless, alt 
tyes Researcher Leland Andersen (Twenty Fust Century Hook) 
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In Nikola Tesla's ovn words and in 21 
illustrations, this is the inventor's firal 
published statement on how ratio, at 

radical, really works, What is the tue 
wireless? Tesla says the orthodox 
Hertzian radio we're been taught isa 
“fictión." He insist that the amount of 
energy that can be tansmited is "bills 
of times greater” than convertional ratio 


TESLA, The True Wireless edited by George Trinkaus 


would allow. Can we transmit electric 
pover io our homes and workplaces 
fragile grid come down? Tesla claims his 
rado can deliver wireless power. This 
article of 1919 has been completely reset 
and redesigned for dari. Includes an 
induction by Trinkaus, 

mots, and information sources. 


High Voltage Press, P.O. Box 1525 
Portland, OR 97207, USA. 
toll-free 877-263-1215 
teslapress@aol.com 
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5. Sensitive Device 


ofthe idealapparatus for detecting disturbances 

in the medium. Tesla let his imagination run 
frein his quest for theoptimal “sensitive device,” as he 
called it 


T esla gave a Iot of attention to the development 


the coherer 

:. many others 
at ib: time. The popular delecior among radio experi 
bene was the coherer. This is simply a shor glass 
tube parl filed wit small metal chips oF filings, 
Surained 10 rear-conduction ty battery vollage, this 
Carly semiconductor mysteriously swicheson when an 
oscillating disturbance is preset. A tap is needed to 
Tesei the coherer back to nonconductior, Breaking the 
battery circuit also works, Tes improsed the coherer 
by setting it into constant rotation at about 16 RPM so 
itwould automatically reser Changing Be rate of rota. 
tion controls sensitivity. In a patent he also mentions a 
Vibrating. coherer. Constant motion suspends the 
oherer’schisin space, making them more susceptible 
lo disturbances. 

The coherer’sinternal chipsor lings arcidelly of 
Allem size. Thoy are cleaned thoroughly in alcohol- 
(Chips are ill a mixture of nickel and silver, but 
fier conductive materials can be used. Ideally, the 
Chamber is evacuated, but not necessarily. 

Until 1992 the coherer was the only detector in 
Wide use. It dropped out of use about 1912. Tesla must 
Jve regarded the coherer as a passably reliable sens. 
live device tecause he used it in his robot Cadio- 
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Tesla's magnetic detector 


controlled) boat (patented 1898) and in tis Colorado. 
huning-tracking experiments (1900). 


Tesla's detectors 
Testa explored thc possiblities of many otter sensitive 
devices. His patents show a rotating rectifier, a precur- 
sor to such static rectifying diodes as the cystal delc- 
tor, Tesla replaced his rotting rectifier with a vacuum- 
tube diode. Thisis mentioned in the Colorado notes but 
thereisno pateni, I've seen mention of Teslaexhibiting, 
at the 1893 Chicago World's Fair, a vacuim-tube. 
ceiver for voice and music. This must have used for its 
detector a vacuum diode, 

The idea of straining a device to ncar-conduction, 
asin thecoherer, he applied toa diode vacuum tube and 
to semiconductors having thin-film dielectrics. 

‘Another Tesla detecior, limited to telegraphy, vas 
visual. It used the deposit of a thin film on a glass 
surface, An iodine solution, upon being stimulated by 
a radio disturbance, releases a conductive haloid film 
‘oniotheglaséscreen, Battery current, conducted through, 
the film, destroys it, thus erasing the screen. A sort of 
telegraphic tv, this is a precursor of the liquid-crystal 
display. 

‘Tesla's Colorado notes show a magnetic detector. 
It consists of a coil of many hundreds of ums of fine 
wire around glass-enclosed wires of soft ion which are 
‘magnetically stimulated bya disturbance. Marconi used 
a“ magnetic detector” that workedon another principle. 
‘A pair of horseshoe magnets slowly revolved over an 
electro magnet the windings of which were connected 
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coherer receiver 


to earphones. This detector was the immediate succes- 
sor to the coherer. 

"Tesla noticed that the megavolt streamers from his 
Colorado coils were extemely responsive to the slight- 
estchangesin ehericconditionsand wondered how this 
phenomenon might be applied to the sensitive device 
Later, working with high-voltage, high-frequency cur- 
rents in vacuum, he discovered the “rotating brush.” 
This is an eerie emanation, a brush discharge, from a 
spherical conductor exactly centered in a glass bulb. 
‘The device resembles the familiar plasma globes, but 
these contain gases. The result is different in a vacuum, 
“The brush resolves into a rotating ray so ensitivethatif 
‘you aporoach itfroma few paces it will urn away from 
you. Tesla found that a small one-inch magnet “will 
Affect it visibly at a distance of two meters, slowing 
down er accelerating the rotation according to how it's 
held relative tothe brush." There is no information on 
how Tesla planned to hamess the rotating brush as a 
sensitive device, but he wrote that it was "undoubtedly. 
the most delicate wireless detector known.” 


Tesla’s receivers 

Over 50 different receiver circuits are to be found in 
Tesla's Colorado notes. These are various configura- 
tions of sensitive device, tuning coil, capacitor, rotary 
interrupter, and battery source. [f carly radio engineers 
had studied these notes (But how could they have since 
they were not published until 19782), thoy would have 
found circuits that lay the foundation for two receivers 
which would dominate the history of ralio: the regen- 
erative, and the superhetrodyne. 
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Most of Tesla's receivers have one or more continu- 
ously moving parts,an offensive idea nthisage of solid 
state. Tesla's coherer rotated, and so did his rectifying 
diode. Central to Tesla's receiver designs is another 
continously moving part, a rotary "break" or switch 
used to discharge the capacitor at the proper intervals. 
‘The break discharges the capacitor through a sounder. 
It is adevice that magnifies effects. 

All the moving pans notwithstanding, Teslaallows 
for semiconductors to do the job of the mechanical 
break. “The devices," he says in an 1898 patent, “may 
consistof merely two stationary electrodes separated by 
a feeble dielectric layer of minute thickness.” Tesla's 
‘experience wit spark gaps must have attuned him tothe 
possibilities. He writes of thin insulative films serving 
as dielectrics. The patents offer no drawings or verbal 
detail. How far Tesla took these thin-film semiconduc- 
tor ideas experimentally Ido not know. 


radio-free energy 

Central to Tesla's receivers was the use of capacitors to 
store and release energy and to magnifyeffecs: "How- 
ever feeble or attenuated the impulses received, enough 
energy may beaccumulated from them by storing up the 
energy of succeeding impulses for a sufficient interval 
Of time to render the sudden liberation of it highly 
effective in operating a receiver.” By "receiver" here 
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Patent Hos 613,829 (1858) 


Tesla's robot boat 


Tesla's coherer receiver 


sla means sounder. It probably took a fair amount of 
Energy odrive he sounder, especially if what Teslahad 
in mind was the old magnetic click sounder used in 
Wired telegraphy. 

Tesla's feo onorgy patent (685,957) was fled at 
"bout the same time (1901) as a string of his radio 
ceiver patents and is, in fact a kind of radio receiver. 
Asinbisradioreceiving circuits Tes 
timed capacitive discharges to magnify effects. Timing 
1s tuning and is critical whether receiving signals or 
collecting energy at levels sufficient to do work. 

“The capacitors suitable for energy applications, 
sla says, should be “of considerable electrostatic 

ity,” and the dielectrics made of “the best quality 


the crystal set 
‘The simplest detéctor diode is tke crystal, a sensitive 


Tesla's rotating rectifier 


radio tesla 


device with a long and illustrious history in adio. It is 
notcicar how close Testa came to this kindof solid-state 
reotifying diode; he may have gone from the rotating 
welter to the vacuum diode unaware of the crystal 
principle, but I doubt it. 

‘The crystal setis the simplest receiver inradio, and 
the tradition of crystal-set building persists even into 
this “high tech” cra wedded to impressive complexity. 
You can build a crystal setusing an inexpensive diode 
from Ratio Shack. The traditional rock crystal with 
cat's whisker is still available from Antique Radio 
Supply, 2s is the high-impedence headset that enables 
you to listen to crystal and other elemental receivers 
Without amplification, The cat's-whisker crystal was 
mass-produced in the Crystal Ago enclosed in a glass 


Tesla's rotating brush 


envelopeand withthe cat's whisker veldedtotheactive 
spot. Altxough germanium became the dominant rec- 
tifying material for diodes, similar detectors show up in 
the literature where the same rectification is accom- 
plished with junction to less exotic materials: an acid 
solution, an electrolytic solution, a piece of strap iron. 
Soon after WWII there appeared a “foxhole” radio 
which used for its detector safety pinand a razorblade 
of the no-longer-available blued-stesl type. Ibuiltone, 
and it worked, 

‘The crystal set is the simples: receiver you can 
bund. Whilea single tuning (tank) circuit miphi workin 
the county, in the city one strong station may over- 
helm all others unless multiple tuning circuits are 
used. A crystal setwith tvoor morotuncdcircuitsis the 
simplest practical radio receiver. 
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etant 1o, 685,957 (1981 
Tesla's free-energy device 


the regenerative 
Tesla laid the foundation for the regenerative receiver. 
Thevacuum-tube version, credtedto Edwin Armstrong, 
was the receiver that succeeded the crystal set in the 
development of radio. “Regenerative” refers to the 
recirculatingof the signal vibrating in the coil back into 
the sensitive device so as to further excite it, This 
feedbacks another of Tesla's strategies for magnifying 
effets, and he knew about it early on from the self- 
excitation circuits he used in some of his dynamos, 
‘The regenerative feedback link in Tesla's regen- 
erative is a coil adjacent to the main tuning coil. In the 
vacvum-tube regens this became known as the eller 
coll In some regen circuits the feedback link was 
through a capacitor, which could be a variable, Tesla 


did not patent the regen but shows many circuit varia- 
tions of the idea in his Colorado notes, where he ob- 
servesthatit had “many valuableuses since by its means 
effecis too feeble to be recorded in other ways may be 
rendered sufficiently strong to cause the operation of 
any suitable device.” 

Theregenisoncofthe forgotten magicalcirciitsof 
radio, but only recently forgoten. Faniliar to every 
student of radio at leas up through the 60's, it isnot to 
be found in recent editions of The Radio Amateurs 
Handbook. 

Though a regen often has a stage or two of ampli- 
fication, an unamplified, single stage regen havingonly. 
a dozen parts is an effective listening tool for a wide 
rangeof frequencies from low through short wave. (As. 
in ober elemental receivers, high-impedence bead 
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basic crystal set 


some diode detectors 


phones are used. These differ from other phones in that 
there are many more tums of finer wire on the electro- 
magnets, a technique to magnify effects, as in Tesla's 
‘magnetic detector.) The regen is sensitive and discrimi- 
mating. As is, without any additional circuitry, a regen 
can receive code and both AM and single-sideband 
phone. 

in my youth I built a one-ube, a bond. shortwave 
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delicate junctions and tenuous conductors within 
integrated circuits and other solid-state devices are 
particularly prone to vaporization, (Vacuum-tube 
devicesare saidto be len-thousand timesmoreresistant.) 
Its been speculated that a nuke exploded 200 miles 
above Nebraska would dad all unprotected solid-state 
in the continental United States. Particularly 
vilerabcrccompenemsconectedio the poner prd 
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label on Radio Shack IC package 


author's low-frequency ‘regenerative 


to telephone lines, and to antennas. Magnetic memory 
ould also be erased. While large institutions have been 
cued to this contingency and are moving ahead withthe 
hardening of computer and communications facilities, 
the general public is largely oblivious tothe facthatthe 
ente “high ech” electronic culture is EMP-cancellable 
atastroke, 

This same vulnerability of solid-state derices to 
shock makes them a headache for the builder experi- 
merter. Tho ability plug these ltl items into bread- 
boards is a big step forward in convenience, but, when. 
acireuitfails,theexperimenteris left wondering whether 
his bock up is flawed or has the IC or transistor blown 
due 10 excess heat in soldering, some miniscule excess 
of curent or voltage, from reversed polarity, some 
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mini-EMP-like static discharge, orkickback from some 
related high-voltage component, 

‘The same cheap mass production of transistors and 
IC’sthathasmade possible the world of digitalhas also 
encouraged the corruption of the quality of electronic. 
‘components across the board. Switches, pots, audio 
transformers, variable capacitors, once built with integ- 
rity have become cheaply made mini-junk, and this is 
often the only stuff readily available t experimenters. 
Parts suitable for transmitters, tesla coils, ard other 
high-voltage, high-current work, like power transform- 
ers, heavy-duty wire-wound pots, chokes, high-watt 
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resistors, transmiuer variables, vacuum tubes, and insu- 
lators, must be obtained from surplus sources. For 
experimenters mini-jonk electronics also means tiny, 
brite, vexatious, finger punctaring, eye-straining con- 
nection terminals where there used to be hefty lead 
wires or sturdy posts. 

Miniaturization did not become an obsession until 
the 1950's and the advent of the miniature and “acorn” 
tubes. The fashion ultimately reduced the size cf all 
‘components tothe minimum, including coils. But for- 
wech the size of a coil was correlated with its power 
“Note the difference in size,” said an ad inan Electrical 
Experimenter magazine of 1911. The à illustrated a 
15,000-meter ham antenna-loading coil against a 
‘competitor's smaller counterpart The advertised oil's 
diamcier was 10 inches, its length 32. A typical Tesla 
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receiving coll was 25 Inches in diameter. Tesla built 
‘with rugged components and on ashameless scale, 
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6. Aerial Capacity 


hat ball sticking up in the air that is so symbolic. 
of Tesla's ralio: What is it? Some sort of an- 
tenna? Actually, Tesla nover referred w itas an 
antenna but as an "aerial" or “air capacity” or as an 
“elevated capacity.” Tesla did not see the elevated ball 
as aradiator, which is how the transmitting antenna of 
conventional Hertzian radio is construed. The aerial 
capacity concspondsto the terminal capacitor ofa testa 
coil. Testa said that in radio the aerial capacity "height- 
ned the effect” of what is essentially a grounded 
system, Electrically, in transmitting, it appears to pro- 
vvidea capacitive leverage against whichtopumpground. 
‘The ball shape also holds high voltage, minimizing 
coronal discharge and loss. 
"Theballaerial appears on Tesl'sreceivers as well 


as onhis transmitters. Tesla understood thata long wire 
(as ina long wife antenna) had capacity but he believed 
the sphere was the efficient geometry. "By using a body 
of considerable surface... bette resultsare obtained than 
a wire leading to a height alone... The system is more 
‘economical in providing an electrical vibration in the 
ground." This would be especially true at low frequen- 
ics that would require a wire of inordinate length. 
"Teshr's Colorado transmitter when operating zt 60 kc 
would have required a half-wave wie antenna 2500 
meters long if modem antenna conventions had been 
observed. 

Tesla also believed that the idea of polarizing, or 
putting into parallel, ransmiting and receiving anten- 
mas was nonsense. On his Colorado magnifying trans- 


aerial capacity geometries 
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miter, Tesla used a hollow copper sphere only 30 
Inches in diameter. It was thickly coated with rubber 
{nsulaon, Insulated or not, the ball terminal reduces to 
A minimum the problem of streamers breaking out at 
high electrical pressures, since those jump more readily 
rom angular surfaces. Tesla experimentedextensively 
withthe effectof the ball’sheight. An increase in height 
‘causedan increase in the effective capacity ofthe ball, 
‘overed. (However, of Hertzian radio, Tesla. 
ie actions at a distance cannot be proportionate 
lo the height of the antema or the current nme.) 
"The ball worked for Tesla but so did other geom- 
tries. In Colorado Tesla experimented witha structure 
of iron pipes as an aerial capacity. He said the aerial 


's oppasing-ball capacitor 


hoe could tea cylinder with hemispheric ends, or. 
JL could be a toroid, Tesla suggested that a coil of 
Invulated wire put aloft would suffice. He said any 
Hollow vessel, lice a ball, could be filled with a gas like 
Hydrogen at low pressure for better effet. Some of 
"Tesa'seceiverschematics show the aerial capacity as 
simple metal plate. 

"Tbe ball capacitor shows up in other Tesla circuits 
[sides acral, consisting ofa capacitor of two opposing 
Hollow bas. 


Tipacitive antennas 

'eapacitvehat" appear as an occasional element 
modem antenna design. Although the texis explain it 
Mjomething cat “improves radiating efficiency,” it's 
Al in the nomenclature as a “capacitive hat.” Capaci- 
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capacitive hats 


tive hats eppear frequently in low-frequency radi 
the antenta systems of navigational beacons, of LO- 
RAN, of GWEN, and among LowFERs. The capacitive 
"tappearson top of the helical antenna, which, asa coil. 
of wire aloft, migh itself qualify as an aerial capacity. 


capacity antenna. 
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Eu 
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ire as antenna. 


mediim-, and shortwave bands) Does the ransmitter 
orreceiver sco” the tresasa Tesla-styleaerial capacity? 


loops 
Loop antennas abound in radio and suggest Testa's 
Seed con cen Youcan easily build your own using 
PVCtubing forthe structure. For strength, use one-inch 
schedule 40 ubinginstead ofthe 1/2 inch used (photo). 


author's loop antenna 


Is the loading coil on a center- or top-loading whip 
“seen” as an acral capacity? 

Tn the radio literature ofthe 1920's there are refer- 
ences to a “capacitive anteana.” This consisted of a 
sect of metal or a wire screen aloftor, altematively, 
where a ground connection was distant, a sheetof metal 
or screen aloft and enother below, thetwo separated by 
10 to 15 fect. Recommended as an indoor aiernative 
‘where an outdoor antenna cannot be put up, the upper 
element could be placed in an attic, be lower, if any, 
under the carpet. 

Hertzian antennas, like the ham array and the CB 
‘whip, ar flags announcing the prescac of a tansmit- 
ter, Are they necessary? 

Loomis sentkitesaloftasacrals; hey werecovered 
‘with copper gauze. Loomis also observed that a tee 
could be used as a receiving antenna, and others have 
discovered the wee as a wansmiuing anena as well. 
T've seen no menton of frequencies in the tre-as- 
antennaliterature, which comes from te low-frequency 
era Ive ted it for receiving, and it works on long 


^ 


The shielded loop appears in the LowFER receiver. 
literature as a noisc-reduction strategy. The shielding 
‘excludes the magnetic component of disturbances while 
the loop inside responds only to the electrostatic, ac- 


cordingto the literature. A preamp is a good idea with 
100p. 


Studded mushroom 
Tesla's magnifying transmitter petent shows a torcid- 
shaped arial capacity. Itis studded with half-spherical 
al pates, presumably to enlarge the surface without 
increasing by much the bulk. The ultimate Tesla aerial 
capacity is the studded mushroom that topped his 
Wardoncliff tower. Its diameter was68 feet. Thestudding 
have been parabolic rather than strictly 


ninm 


Tesla's magnijying transmitter 
aerial capacity - 


radio tesla 


Wardencliff aerial capacity 
(artist's conception) 


hemispherical. Thereisnot much informationaboutthe 
tower,andTesla’sreasoningbehind the strange geometry 
is not fully understood, 

‘The rotion of aerial capacity bas little currency 
outside of Tesla-lnd. What would antennas be ike if 
they were reinvented, not as senders and receivers of 
Hertzian radiation, but as aerial capacitors? 


for more information 

‘etic Spaceeraf Journal, ed. by Charles Yea has someinteresting 
sections on Warden ern ed (P.O. Box 18387, Avil, 
ste Tress as Antennas (x Rescah), 
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tank tables 
"To calculate the appropriate values for any tank coil 
and capacitor to resonate at a particular frequency, L 
find these tables from a 1928 technical-school text 
clear and useful.. They are also useful for engineering 
tesla coil. The column headed "LC" contains 
numbers representing the "oscillation constant.” TI 
is the number you get by multiplying the capacitance © tn Lan 
in microfarads by the inductance in microhenries. I — "iereferads Biorohenrios 
you know one value, you can get the other by 
division. The frequency in column two is in cycles; 
lop off three zeros for kilocycles. See pages 21-22 
Usually the variable capacitor will be the known 
and the coil the unknown. Variables are rated in 
picofarads. Move the decimal point six places to the 
lefi to get nicrofarals. 
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